Objective Morbidity and mortality due to heart failure (HF) as a complication of myocardial infarction (MI) is high, and remains among the leading causes of death and hospitalisation. This study investigated the association between family history of MI with or without HF, and the risk of developing HF after first MI. Methods Through nationwide registries, we identified all individuals aged 18-50 years hospitalised with first MI from 1997 to 2016 in Denmark. We identified 13 810 patients with MI, and the cohort was followed until HF diagnosis, second MI, 3 years after index MI, emigration, death or the end of 2016, whichever occurred first. HRs were estimated by Cox hazard regression models adjusted for sex, age, calendar year and comorbidities (reference: patients with no family history of MI). Results After adjustment, we observed an increased risk of MI-induced HF for those having a sibling with MI with HF (HR 2.05, 95% CI 1.02 to 4.12). Those having a sibling with MI without HF also had a significant, but lower increased risk of HF (HR 1.39, 95% CI 1.05 to 1.84). Parental history of MI with or without HF was not associated with HF. Conclusion In this nationwide cohort, sibling history of MI with or without HF was associated with increased risk of HF after first MI, while a parental family history was not, suggesting that shared environmental factors may predominate in the determination of risk for developing HF.
IntROduCtIOn
Despite significant improvements in the management of acute myocardial infarction (MI) and heart failure (HF), morbidity and mortality due to HF as a complication of MI remains high, and is one of the leading causes of hospitalisation and death. [1] [2] [3] Therefore, the identification of individuals who are at a high risk of HF after MI represents a key public health necessity. Progression to HF post-MI is likely multifactorial, and includes environmental risk factors, comorbidities and genetic factors. [4] [5] [6] [7] For example, while a similarly sized MI and a comparable exposure to high blood pressure may lead to an effective compensatory response in some patients, a particular constellation of risk factors may result in HF in others. Genetic susceptibility factors, environmental exposures and lifestyle factors that contribute to HF susceptibility post-MI are shared within families. Previous studies have suggested a familial aggregation of HF. [8] [9] [10] While this previous finding suggests that inherited susceptibility may contribute to the development of HF post-MI, with the exception of one study, 8 previous studies did not distinguish between different causes of HF with consequent aetiological heterogeneity. We therefore aimed to determine the association between family history of MI with or without HF and the risk of developing HF after a first-time MI in the young (18-50 years of age). This is to our knowledge, the first nationwide study to examine whether a family history of MI with or without HF is associated with HF among young patients with MI.
MethOds data sources
A unique and permanent personal identification number is assigned to all residents in Denmark. This number is used in all
Key questions
What is already known about this subject? ► Morbidity and mortality due to heart failure (HF) as a complication of myocardial infarction (MI) is high, and remains among the leading causes of death and hospitalisation. ► It is unknown if a family history of HF after MI is a risk factor for HF post-MI.
What does this study add?
► We demonstrate that having a sibling with MI with or without HF was an independent risk factor for developing HF after MI, while a parental family history of MI with or without HF was not.
how might this impact on clinical practice? ► Family history of MI with or without HF, regardless of the nature of the various genetic and environmental factors involved, serves to identify high-risk individuals and families for intervention to prevent HF post-MI. 13 which has been shown to be accurate. 14 
study population
The study population comprised all Danish patients aged 18-50 years hospitalised with a first-time MI (ICD-10 code I21 or I22: ICD-8 code 410) between 1997 and 2016.
Patients with a prior HF diagnosis (ICD-10 code I42, I50, I110, I130, I132 or J819: ICD-8 code 425, 428, 4270, 4271) were excluded. Using the Danish Fertility Database, we identified all first-degree relatives and collected information on family relationship (mother, father and siblings).
Only patients with at least one identifiable first-degree relative (father, mother or sibling) were included.
Family history
For each individual that was identified with a first MI (index MI) (age 18-50 years), we identified first-degree relatives (aged 18-80 years) with MI with or without HF occurring at a date prior to the MI index date (figure 1). We defined MI with HF as new onset of HF within 3 years from index MI, and MI without HF if the patient did not develop HF in this time period. If no relative was registered as having MI with HF or MI without HF, the person was considered not to have a family history of MI. We subdivided the study population into three groups according to the family history: 1) family history of MI with HF, 2) family history of MI without HF and 3) no family history of MI. Persons with more than one first-degree relative, were still classified as having a family history of MI with HF if they had at least one family member with MI and HF. Family history was further stratified by the family relationship (father, mother or sibling). We additionally analysed whether the risk was similar for patients with a young family member (≤50 years at MI) or an old family member with MI with or without HF (51-80 years).
Comorbidities
Patients were considered to have certain comorbidity if they had at least one hospitalisation registered for that comorbidity before admission for the index MI. Because patients with hypertension (HT) and diabetes (DM) were not necessarily admitted to hospital with these specific diagnoses, these comorbidities were defined by either hospital diagnosis or drug prescription. HT was defined by treatment with ≥2 of the following classes of antihypertensive drugs: α-adrenergic blockers, diuretics, vasodilators, β-blockers, calcium channel blockers and renin-angiotensin system inhibitors. History of DM was additionally identified by at least one prescription for glucose-lowering drugs (ATC code A10). Details on ICD and ATC codes used to classify patients with comorbidity are listed in the online supplementary tables 1 and 2.
study outcome
The study population was followed from the date of index MI until the diagnosis of HF, hospitalisation with second MI, date of emigration or death during a maximum of 3 years from the index MI or till study end at 31 December 2016, whichever occurred first. In a sensitivity analysis, we combined the diagnosis of HF and death, as a proxy for a fatal MI.
statistical analyses
Baseline characteristics are presented by use of proportions for categorical variables and means±SD for continuous variables. Test for differences between the strata was done by Kruskal-Wallis test for continuous variables and by χ 2 test for discrete variables. We produced cumulative incidence curves for HF stratified by family history (figures 2-3) as a competing risk using the Aalen-Johansen method. Grey tests were used to analyse unadjusted differences. Cox proportional hazard regression models were used to obtain HRs for HF and HF combined with fatal MI, patients with no family history were used as the reference group. The adjusted Cox regression models included sex, age groups (18- of Schoenfeld residuals plots. For all analyses, a p value of <0.05 was considered statistically significant. All analyses were performed using SAS software, V.9.4 (SAS Institute, Cary, North Carolina, USA), and R V.3.4.
Results
Family history of MI with or without hF We identified 13 810 patients aged 18-50 years with firsttime MI hospitalisation between 1997 and 2016, without previous HF hospitalisation, and with ≥1 identifiable firstdegree relative. Figure 1 shows the flow chart of the study population. Of these identified index cases, at inclusion, 470 (3%) had a family history of MI with HF, 3439 (25%) had a family history of MI without HF and the remaining 9901 (72%) had no family history of MI. Table 1 shows the baseline characteristics of the index cases at study inclusion stratified by family history.
Clinical characteristics
Overall, there was a male predominance in all groups and significant more males had a family history of MI.
Patients with a family history of MI with or without HF were older (mean age 45 and 44 years vs 42 years) and had more HT (24% and 21%, respectively), DM (12% and 10%, respectively) and a higher use of statins (20% and 17%, respectively) compared with patients without any family history of MI (19%, 8% and 12%). figure 2A . Family history was further stratified by the age at MI of the first-degree relative (younger vs above 50 years of age) (figure 2B-C). In addition, the cumulative incidences were repeated with a combined outcome of HF diagnosis and fatal MI, but yielded similar results as the main analysis with HF as outcome, except that family history of a young first-degree relative (≤50 years) was no longer significant (figure 3A-C).
Incidence of hF after first MI
Risk of hF stratified according to family history of MI with or without hF Figure 4 presents the crude (figure 4A) and the adjusted HR (figure 4B) for family history of MI with HF and family history of MI without HF compared with no family history, stratified by family relationship. Having a sibling with MI complicated by HF was associated with a twofold increased risk of HF after first MI compared with cases without a sibling with MI (HR 2.05, 95% CI 1.02 to 4.12).
In addition, having a sibling with MI without HF was associated with increased HF risk (HR 1.39, 95% CI 1.05 to 1.84). However, having a mother or father with MI with or without HF was not significantly associated with HF risk after first MI. The HRs were repeated with a combined outcome of HF diagnosis and fatal MI ( figure 5 ). The HF risk associated with family history of MI with or without HF was similar regardless of whether the relative with MI was young (≤50 years) (online supplementary figure  1A -B) or old (51-80 years) (online supplementary figure  2A-B) .
dIsCussIOn
In this nationwide study, we investigated the relationship between family history of MI with or without HF and the risk of developing HF after a first MI in individuals 18-50 years of age. We demonstrate that having a sibling with MI with or without HF was an independent risk factor for developing HF after MI, while a parental family history of MI with or without HF was not.
Family aggregation
We found that while sibling history was associated with HF risk, parental history was not. Differences in association between siblings and parent-offspring could indicate that environmental factors shared by siblings are more important in determining susceptibility to HF compared with inherited (genetic) contributions. 15 16 Aggregation among siblings suggests that early life familial environmental exposures may increase HF risk, because siblings share the family environment at similarly young ages, as opposed to children and parents whose ages generally differ by two to four decades. In line with the observations in this study, previous studies have shown that siblingsibling correlations for most coronary artery disease (CAD) risk factors are larger than parent-offspring correlations. 15 Our findings contrast to those obtained in two previous studies that investigated risk for all-cause HF and demonstrated that a parental history of HF was associated with increased risk of HF in the offspring. 8 9 Specifically, data from the Framingham Offspring Study (n=2214) showed that the occurrence of HF in at least one parent (occurring before 75 years of age) was a significant risk factor for HF in the offspring (n=90). 8 In subanalyses, parental ischaemic HF was also associated with risk of ischaemic HF in the offspring (n=11) (HR 2.46, 95% CI 1.10 to 5.49). The other is a recent Swedish adoption study of 21 643 adoptees, of whom 194 developed HF, which found that the risk of HF in adoptees who had at least one biological parent with HF was 45% higher than in a control group with no biological parent suffering from HF. 9 In addition, this study found no increased risk in individuals with adoptive parents with HF. Crucially, these earlier studies investigated a smaller group of index cases compared with the current analysis. Furthermore, unlike our study that focused specifically on HF post-MI in both the index cases and the first-degree relatives, these studies (with the exception of the subanalysis conducted in a limited number of patients in the first study) did not distinguish between causes of HF in neither the parents nor the offspring. Although CAD is one of the most common causes of HF, 17 the well-known monogenic forms of HF could partly explain the familial aggregation in these previous studies, and could underlie, at least in part, the findings of parental history as a risk factor for HF in the offspring. Additionally, our study has the advantage that it was conducted in a nationwide fashion collecting family history and relationship data nationwide.
The genetic architecture underlying susceptibility for ischaemic HF is unknown but is believed to comprise multiple genetic variants that in combination with environmental factors determine an individual's susceptibility to HF. While large-scale genome-wide association studies (GWAS) have been successful in identifying common genetic variants affecting CAD/MI risk, 18 GWAS studies for HF are sparse in the literature and compared with other complex cardiovascular traits, few common susceptibility genetic variants have been uncovered for HF thus far. 19 The largest GWAS study on incident HF, conducted on 2526 HF events, identified only two single nucleotide polymorphisms. 20 The paucity of identified genetic susceptibility factors for HF can be due to several factors including limited statistical power due to the relatively small number of patients with HF that have been studied by GWAS so far as well as the heterogeneity in the causes of HF in the patients studied. However, this could also point to the fact that genetic factors may not play a major role in the determination of risk for HF and that other factors, such as environmental factors, predominate in the determination of risk. Our finding that a sibling history of HF post-MI is a risk factor for HF whereas a parental history is not, supports the latter scenario. On the other hand, our data do not exclude the possibility that inherited predisposition for HF exists but only leads to HF in the presence of certain environmental factors. As such, genetic variants could influence risk for HF through comorbidities that predispose to HF. [21] [22] [23] [24] We found that index cases with a family history of MI with or without HF were older, had higher prevalence of HT and DM, both well-known contributing risk factors for MI and HF, 25 compared with patients with no family history of MI. One could hypothesise that as genetic factors predisposing to comorbidities contributing to HF become known, approaches such as polygenic risk score analysis will enable the presymptomatic identification of susceptible individuals and will allow for modification of environmental factors and lifestyle adjustments to prevent HF. Nonetheless, family history of MI with or without HF, regardless of the nature of the various genetic and environmental factors involved, serves to identify high-risk individuals and families for intervention to prevent HF post-MI.
The recognition of these complexities mentioned above should impact the design of future studies seeking to identify genetic and environmental risk factors of MI-induced HF. Studies should therefore focus on a welldefined phenotype (eg, HF following a first MI) instead of all-cause HF. Large GWAS of CAD and subsequent events are ongoing, and are expected to yield more insights into the contribution of heritable risk factors to HF post-MI. 26 
strengths and limitations
The major strengths of our study include the large and unselected nationwide cohort of index cases 18-50 years with a first MI, the extensive information on family history, comorbidity and pharmacotherapy and the combination of detailed data, keeping selection bias at a minimum.
The main limitations of the study were the time frame in which family relations could be determined (the identity of parents has been available in Denmark since 1954) and the time frame in which the diagnoses were registered . In addition, as the parents were born a few decades earlier than the offspring and siblings there is the possibility that due to diagnostic limitations, HF may have gone unrecognised and undiagnosed. Furthermore, it is well known that MI occurs up to 10 years later in women compared with men, 2 and that HF is more likely to complicate MI in older persons. This could mean that the mother of the index case might have been too young and have not yet developed MI. This could possibly lead to an underestimation of the number of mothers with MI (with or without HF), which may explain the lack of association between maternal history of MI (with or without HF) and the risk of HF in this study. In addition, the method of identifying HF with ICD codes does not identify patients with unrecognised HF. Because of this, HF may be underdiagnosed in our registries. On the other hand, the risk of including false-positive patients is limited, as previous validation of HF diagnosis by Kümler et al showed a positive predictive value of 81%. 27 Of note, the study reported a sensitivity of HF diagnosis of 29%, which indicates a large underestimation of the true number of HF cases. Additionally, with only a total of 470 index cases with a family history of MI with HF and the small numbers of affected offspring and siblings, the study might not have sufficient statistical power to evaluate the effect on the risk of HF post-MI. Other limitations are inherited to the observational design of the study and the lack of access to clinical data on individual patient characteristics, most importantly the type of MI, including the localisation of MI, left ventricular ejection fraction and information of other important cardiovascular risk factors. These clinical variables may be confounders, because these risk factors tend to cluster in families, and therefore might have influence on the HF risk after first-time MI in families. 28 29 On the other hand, it is possible that an ascertainment bias may have occurred with individuals with a positive sibling history of MI with or without HF as these may have a greater likelihood of diagnoses (HT, DM and use of statins) than participants with no family history, due to increased awareness of the condition by participants. Finally, our study is observational and retrospective, thus we report associations and not necessarily causal connections.
COnClusIOn
In this nationwide cohort study of young patients (18-50 years of age) with a first MI, we found that having a sibling with MI with or without HF was associated with increased risk of HF post-MI while a parental family history of MI with or without HF was not, suggesting that shared environmental factors predominate in the determination of risk for developing HF. Future studies are necessary to validate the kinds of conclusions that can be drawn
